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SUMMARY 


Column and plate compressive strengths of extruded 
R303-T aluminum alloy were determined both within and 
beyond the elastic range from tests of thin-strip columns 
and local-instability tests of H-, Z- , and channel-section 
columns. These tests are part of an extensive research 
investigation to provide data on the structural strength 
of various aircraft materials. The results are presented 
in the form of curves and charts that are suitable for use 
in the design and analysis of aircraft structures. 


INTRODUCTION 


Column and plate members in an aircraft structure 
are the basic elements that fail by instability. For the 
design of structurally efficient aircraft, the strength 
of these elements must be known for the various aircraft 
materials. An extensive research program has therefore 
been undertaken at the Langley Memorial Aeronautical 
Laboratory to establish the column and plate compressive 
strengths of a number of the alloys available for use in 
aircraft structures. Parts of this investigation have 
already been completed; the alloys already investigated 
include 2 I 4 .S-T and 17S-T aluminum-alloy sheet and extruded 
75S-T and 2 I 4 .S-T aluminum alloys (references 1 to I4., 
respectively) . 

The results of tests to determine the column and 
plate compressive strengths of extruded R 303 -T aluminum 
alloy are presented herein. 
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length of column 

P 

radius of gyration 

c 

fixity coefficient used in Euler column formula 

UP 
hq > 

Q. 

effective slenderness ratio of column 

pp, tp 

width and thickness, respectively, of flange 
of H-, Z-, or channel section (see fig. 1) 

hyij j tyy 

width and thickness, respectively, of web 

of H-, Z — , or channel section (see fig. 1) 

r 

corner radius (see fig. 1) 

** 

nondimens ional coefficient used with b, v and t,, ; 
in plate-buckling formula (see figs. 2 and 3) 

E c 

modulus of elasticity in compression, taken as 
10,500 ksi for extruded RJOJ-T aluminum alloy 

T 

T) 

nondimens ional coefficient (The value of t is 
so determined that, when the effective modulus 
of elasticity tS c is substituted for E c in 
the equation for elastic buckling of columns, 
the computed critical stress agrees with the 
experimentally observed value. The coeffi- 
cient t is equal to unity within the elastic 
range and decreases with increasing stress 
beyond the elastic range.) 

nondimens ional coefficient for compressed plates 
corresponding to t for columns 


Poisson’s ratio, taken as 0.3 for extruded 
R303-T aluminum alloy 

a cr 

critical compressive stress 

a max 

average compressive stress at maximum load 

°cy 

compressive yield stress 
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METHODS OF TESTING AND ANALYSIS 


All tests were made in hydraulic testing machines 
accurate within three-fourths of 1 percent. The methods 
of testing and analysis developed for this research pro- 
gram (see reference 1) are briefly summarized as follows; 

The compressive stress-strain curves for the extru- 
sions, which identify the material for correlation with 
its column and plate compressive strengths, were obtained 
for the with-grain direction from tests of single-thickness 
compression specimens cut from the flanges and web at both 
ends of the extruded H-ssctions. These tests were made in 
a compression fixture of the Montgomcry-Templin type, 
which provides lateral support to the specimens through 
closely spaced rollers. (See reference 6 for the tech- 
nique in using this type of fixture.) 

The column strength and the associated effective 
column modulus were obtained for the with-grain direction 
by the use of the method presented in reference 7» in 
which thin-strip columns of the material were tested with 
the ends clamped in fixtures that provide a high degree 
of end restraint. The fixtures used have been improved 
and the method of analysis has been modified since publi- 
cation of reference 7* The method now used results in a 
column curve representative of nearly perfect column 
specimens. In addition, the method now takes into account 
the fact that columns of the dimensions tested are actually 
plates with two free edges. These columns were cut from 
the flanges of the extruded H-section adjacent to the 
fillet at the junction of the web and flange. 

The plate compressive strength was obtained from 
compression tests of H-, Z-, and channel-section columns 
so proportioned as to develop local instability, that is, 
instability of the plate elements. (See fig. 4.) Extruded 
H-sections of three different web widths were tested; the 
flange widths for each were varied by milling off parts of 
the flanges. The flanges of some of the H-section extru- 
sions were removed in such a way as to make Z- or channel 
sections as desired; the flange widths of the Z- and 
channel-section columns were varied in the same manner as 
the flange widths for the H-section columns. The lengths 
of the columns were selected in accordance with the prin- 
ciples in reference 8. The columns were tested with the 
ends ground flat and square and bearing directly against 
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the testing -machine heads. In these local-instability 
tests, measurements were taken of the cross-sectional 
distortion, and the critical stress was determined as the 
stress at the point near the top of the knee of the 
stress-distortion curve where a marked increase in dis- 
tortion first occurred with small increase in stress. 

The method of analysis presented herein differs from 
that presented in reference 1 in the use of the inside 
face dimensions to define bp and in the evaluation 

of o cr /r; by means of the equations and curves of 
figures 2 and 3* This definition of bp and byy for 
extruded sections with small fillets was previously used 
in references 3 and Jp in order that the theoretical and 
experimental buckling stresses would agree within the 
elastic range. For formed Z- and channel sections with 
an inside bend radius of three times the sheet thickness 
(references 1 and 2), b-^ and b-r were defined as 

center-line widths with square corners assumed. 


RESULTS AND DISCUSSION 
Compressive Properties 


Figure 5 summarizes the compressive stress-strain 
curves that apply to the extruded R 303 -T aluminum alloy 
used in this investigation. The variation in compressive 
yield stress shown by the dashed curves in figure p f° r 
both the flange and web indicates the average differences 
that were found to exist between the two ends of the 
20-foot extrusions. The results of a single survey made 
over the cross section of one extrusion (fig. 6) revealed 
but little variation in the compressive yield stress over 
the width of a flange or a web. At a given cross section, 
the web tended always to have a lower compressive yield 
stress than the flange. 


Column and Plate Compressive Strengths 

Because the compressive properties of an extruded 
aluminum alloy may vary considerably, the data and charts 
of this report should not be used for design purposes for 
extrusions of R 503 -T aluminum alloy that have appreciably 
different compressive properties from those reported 
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herein, unless a suitable method is devised for adjusting 
test results to account for variations in material prop- 
erties. The results of the column and local-instability 
tests of extruded R 303 -T aluminum alloy are summarized 
herein; a discussion of the basic relationships is given 
in reference 1. 

Column strength .- The column curve of figure 7 shows 
the results of tests of thin-strip columns loaded in the 
with-grain direction. The reduction of the effective 
modulus of elasticity tE c with the increase in column 

stress is indicated by the variation of t with stress 
shown in figure 8. 

Plate compressive strength .- The results of the 
local-instability tests of the H-, Z-, and channel-section 
columns used to determine the plate compressive strength 
are given in tables 1, 2, and 3, respectively. The plate- 
buckling curves, analogous to the column curve of figure 7 , 
are shown in figure 9» The reduction of the effective 
modulus of elasticity rjE c with increase in stress is 

indicated by the variation of T) with stress, which is 
shown together with the curve for t in figure 8. In 
this figure, the T-curve crosses the p-curves because 
the extruded II- , Z-, and channel-section columns used to 
obtain the r;-curves apparently had an appreciable degree 
of imperfection. This imperfection probably caused the 
r]-curves to deviate from unity at a lower stress than that 
for the T-curve, which is representative of nearly perfect 
columns . 

The variation of the actual critical stress 

O X* 

with the theoretical critical stress o cr /n computed for 
elastic buckling by means of the formula and curves of 
figures 2 and 3 is shown in figure 10. 

In order to illustrate the difference between the 
critical stress a cr and the average stress at maximum 
load the variation of o cr with a cr/^max 

shown in figure 11. Because values of a may be 

required in strength calculations, the variation of a max 
with o cr/ /r) is shown in figure 12 . 

Figures 9 to 12 show that the data for H-sections 
describe different curves from those indicated for Z- and 
channel sections. One of the reasons why higher values 
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of a were obtained for H-sections than for Z- or 
channel sections for a given value of a cr /r] (fig. 12) 
may be the fact that the high-strength material in the 
flanges (see fig. 6) forms a higher percentage of the 
total cross-sectional area for the H-section than for 
the Z- or channel section. For the K-section, a max is 

increased over the value of for the Z- or channel 

m.ca..A 

section for the entire stress range covered in these tests 
(fig. 12) whereas a cr is increased only beyond the 

elastic range (fig. 10). 


Langley Memorial Aeronautical Laboratory 
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TABLE 1.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED H-SECTION COLUMNS THAT DEVELOP LOCAL INSTABILITY 
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TABLE 3.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED CHANNEL-SECTION COLUMNS THAT DEVELOP LOCAL INSTABILITY 
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Figure I.- Cross sections of H - , Z-, and 

section columns. 
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Fiqure 3. - Values of k w for Z-and channel- 
section columns. (From reference 5.) 
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Fig. 4 
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Fig. 5 



Future 5. - Compressive stress- strain curves for 
extruded R303-T aluminum alloy for with- 
grain direction. 


Fig. 6 
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Figure 6.- Variation of the compressive yield stress 
over the cross section of on extruded R303-T 
aluminum-alloy H-section. (Values in ksi.) 
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figure 7- Column curve for extruded R303-T aluminum alloy obtained 
from tests of thin-strip columns. a' cy = 73ksi. 
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Stress, ksi 


Figure 6 ~ Variation of 
R303-T aluminum alloy. 


r and r\ with stress for extruded 
a cy (flange) ,73 Ksi ; a C y(web),7l ksi. 
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Figure 9~ Plate- buckling curves for extruded R303-T 
aluminum alloy obtained from H~, Z~ and channel- 
section columns, Ocy (flange), 73 ksi ; a cy (web), 71 ksi . 
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Figure 10- Variation of O'er with c cr /T\ for plates of extruded R303 _ T 
aluminum alloy obtained from tests of H-, Z~, and channel- section 
columns. cr C y (flange), 73 ksi ; Ocy(web)j7l ksi . 
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Fig. 11 
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Figure I l.~ Variation of C cr with & cr /o m ox for plates 
of extruded R303-T aluminum alloy obtained from 
tests of H-, Z-. and channel-section columns. Ocy (flange), 
73 ksi ) Ocy (web), 71 ksi • 
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Figure \Z~ Variation of 3 mox with cy cr /r] for plates of extruded 
R303-T aluminum alloy obtained from tests of H~ Z~, and channel- 
section columns. Gey (flange), 73 ksi> cfcy(web),7l ksi. 


